INTRODUCTION
Gastric outlet obstruction (GOO) most commonly occurs in patients with advanced cancer such as gastric cancer, duodenal cancer, and periampullary cancer [1] . About 50% of all patients with GOO present with nausea and vomiting, even when mechanical obstruction is not visible in radiologic examinations [2] .
There are several treatments available including gastrojejunostomy (GJ), duodenal stenting (DS), and enteral or intravenous hyperalimentation [3] . Traditionally, those with good performance status despite underlying diseases underwent palliative bypass surgeries, most commonly a GJ [4] . Patients who are not expected to withstand general anesthesia and endure postoperative burden, have typically been candidates of DS. Most patients tend to be poor surgical candidates due to malnutrition [5] .
Many studies have reported that DS is a relatively simpler and safer alternative procedure to GJ for management of malignant GOO [6] [7] [8] . GJ and DS have very high success rates of over 90%, which means 9 out of 10 patients resume oral intake [5, 9] . Although GJ has higher rates of early morbidity and mortality than DS, recent studies have reported GJ to be much more durable and to require less reintervention than DS [10] . However, debate still remains as to which method has a better outcome in survival, oral intake, or quality of life in the long term.
With the introduction of laparoscopic technique, surgeons began to adopt laparoscopy for many types of surgeries, such as cholecystectomy, gastrectomy, and colectomy. Laparoscopic gastrojejunostomy (LapGJ) was one of these attempts. Few studies have reported open GJ in associated with higher morbidity and mortality than LapGJ [9, 11] .
Most of the patients who undergo palliative procedures like LapGJ or DS receive chemotherapy either before or after. Since LapGJ or DS is done to relieve symptoms, chemotherapy is important in the whole treatment process.
The objective of this study is to compare the long-term outcome between LapGJ and DS in oral intake, nutritional status, patency duration, effect on chemotherapy, and survival.
METHODS

Patients
We performed a retrospective study of 115 patients who underwent LapGJ or DS for GOO with unresectable gastric cancer only between July 2005 and September 2015 in Seoul National University Bundang Hospital. Fourteen patients were excluded because they did not have follow-up records after discharge. Therefore, 58 and 43 patients who had undergone DS and LapGJ, respectively, were evaluated. Patient characteristics are shown in Table 1 . All the surgeries were done by 2 experienced surgeons from the start.
Procedures
LapGJ consisted of 4 incisions for trocar insertion. A 12-mmsized umbilical port was used for a flexible scope, and a 12-mm trocar and a 5-mm trocar were inserted on the operator's side (right) in a V shape, 8-9 cm apart. An additional 5-mm trocar was inserted on the 1st assistant's side (left) for minimal support. Linear staplers were used for intracorporeal GJ. Anastomosis was done on the posterior wall of the stomach body with the closest part of the jejunum from the stomach, either antecolic or retrocolic. A small hole on the stomach posterior side and the jejunum was made for linear stapler entry. For the common entry hole, one additional linear stapler was used in some cases, and interrupted intracorporeal sutures were used in others.
DS was performed using either endoscopic or fluoroscopic guidance. The stent was introduced over a guidewire and deployed under fluoroscopic monitoring. Twelve cases were done solely by endoscopy and nine cases were done only by fluoroscopy. However, most of the cases (n = 37) were performed with fluoroscopy by intervention radiologists and were checked by endoscopists to confirm adequate placement.
Data analysis
Oral intake was measured with the widely known Gastric Outlet Obstruction Scoring System (GOOSS: 0, no oral intake, 1, liquids only; 2, soft solids; 3, low-residue or full diet) ( Table 2 ) [5] . GOOSS was measured after LapGJ or DS before discharge and compared with the value after 1 month of follow-up. GOOSS was evaluated through detailed chart review, individually, to see whether there was any improvement or deterioration in oral intake after each procedure. Improved or maintained diet after discharge was compared between the 2 groups. Only patients matched with age, sex, T-stage, comorbidities, and chemotherapy status using the propensity scoring method were evaluated. Nutritional status was estimated with serum albumin levels and body weight measurements ( Table 3) . The values before the procedure and 1 month after the procedure were compared.
Duration of patency after the procedure was defined as the period until reintervention. In obstruction cases, DS patients underwent additional stenting. However, LapGJ patients underwent de novo stent placements instead of surgery. Several types of stent obstructions were observed in DS group ( Table 4) .
The effects on chemotherapy were analyzed in 2 manners (Table 5 ). Tolerance without dose reduction was calculated by reviewing medical charts for duration until dose reduction of regimen due to patient condition after the procedure. Maintenance days were calculated from start of chemotherapy after the procedure until the final chemotherapy.
Survival was calculated from the date of the procedure until death (Table 6 ). Patients were matched with the propensity scoring method, the same as in GOOSS analysis.
The statistical calculations of this study were done with the statistical software R (Version 3.3.2, R Foundation for Statistical Computing, Vienna, Austria). Table 1 shows baseline patient characteristics for the 2 groups. There was no difference in age, sex, comorbidity, or clinical T-stage. Comorbidity consists of cardiovascular, respiratory, cerebrovascular problems, and diabetes mellitus. DS patients had significantly more chemotherapy than LapGJ patients (60% vs. 30%, P = 0.005). Most DS patients were already going through chemotherapy while LapGJ patients started their chemotherapy after the procedure. Complications were evaluated according to Clavien-Dindo (CD) classification [12] . Postoperative complications did not differ between the 2 groups, but in DS group there were significantly more severe complications over CD grade IIIa (intervention needed not under general anesthesia) (17 patients vs. 4 patients, P = 0.015). There were 25 cases of stent reinterventions in 17 DS patients, and 2 cases of percutaneous transhepatic biliary drainage due to CBD obstruction by tumor (CD IIIa), 1 case of small bowel resection and anastomosis due to ileus under general anesthesia (CD IIIb), and 1 case of ICU care due to aspiration pneumonia in four GJ patients (CD IVa).
RESULTS
Patient characteristics
Short-term outcomes
Short-term outcomes were evaluated between the 2 groups in 2 categories: time to first meal and postoperative complications during admission. DS group demonstrated significantly shorter time to first meal than LapGJ group (1.9 days vs. 3.2 days, P < 0.001). There were no postoperative complications during admission after DS but in 7 patients (16%) from LapGJ group. Patients presented with ileus in 5 cases and infection in 2 cases. Table 2 shows GOOSS for each group. Two groups were matched with the propensity scoring method for more accurate analysis. In the DS group, patients who were able to tolerate full diet decreased after a 1-month interval (25 to 12 patients) and those with no intake increased from 1 patient to 4. After LapGJ, 74% of the patients could tolerate full diet and after 1 month rates did not decrease. When we compared the patients who showed undiminished diet, there was significant difference between LapGJ and DS groups (88% vs. 59%, P = 0.011). GOOSS was analyzed using the Wilcoxon signed rank test. Table 3 shows serum albumin and body weight change between the 2 groups from before and 1 month after the procedure. Serum albumin levels showed significant change between LapGJ and DS groups (+0.75 mg/dL vs. -0.15 mg/dL, P = 0.002). However, no significant change was found in terms of body weight (-1 kg vs. +5.1 kg, P = 0.670).
Oral intake
Nutritional status
Gastric outlet patency
Several patients from both groups showed recurrent obstructive symptoms (Table 4) . Those who had DS previously went through stent interventions again and those who had LapGJ received stent placements on the anastomosis site. There were 19 cases of repeated stent placements in DS group and none in LapGJ group. The most common type of obstruction was tumor growth on the stent, either ingrowth or outgrowth leading to stent compression. Two cases showed stent migration, into the duodenum or jejunum. Malfunction of the stent itself presented in 5 cases in DS group. GJ site obstruction occurred in 2 patients and both underwent stent placements. A total of 17 patients underwent reintervention more than 2 times; 6 patients needed 3 stent placements and 1 patient underwent 4 placements. The mean time to reintervention was 116 days in DS group and 426 days in LapGJ group. Since there were only 2 cases of reinterventions in LapGJ group, statistical comparison was meaningless.
Effect on chemotherapy
The effects of LapGJ and DS on postoperative chemotherapy were analyzed (Table 5 ). A significant difference was observed in chemotherapy tolerance duration. LapGJ group endured the same chemotherapy regimen longer than DS group (243 days vs. 74 days, P = 0.006). Also, LapGJ patients could maintain chemotherapy longer after surgery than DS patients (247 days vs. 137 days, P = 0.04).
Survival
Among the 101 patients, 43 patients from each group were chosen after propensity score matching (Table 6 ). All patients were evaluated for survival confirmation on September 2016 which allowed us at least 1 year to follow up on the last patients. The median survival of the LapGJ and DS group were 220 days and 114 days, respectively, which showed significant difference with Kaplan Meier log rank analysis (P = 0.004) (Fig. 1) .
DISCUSSION
Malignant GOO occurs in up to 20% of the patients with local extension of pancreas, stomach, or duodenal cancer [13] . For decades, the only option available for palliation was via open GJ [14] . Unfortunately, many patients are not fit enough to survive surgical palliative bypass operations. Endoscopic stenting is associated with lower morbidity and mortality, as well as providing the advantage of being performed in an outpatient setting [15] , whereas GJ is not so effective in this setting because of impaired gastric motility and the risk of tumor bleeding [3] . Treatment of GOO is indicated because of poor clinical conditions caused by vomiting, dehydration, and malnutrition, which develop quickly in these patients [5] . The aim of palliation is to maintain oral intake, allow sustained chemotherapy, and to improve the quality of life [16] .
Whereas there are many studies that compared DS with open GJ, very few studies have compared DS with LapGJ. This study may be the largest study comparing DS with LapGJ only. Previous studies have demonstrated the effectiveness of LapGJ in comparison to open GJ and it has been adopted as the procedure of choice at many institutions [9, 11] . Some studies have suggested that LapGJ is less invasive and is therefore associated with a shorter hospital stay than open GJ [7, 11] . LapGJ is also said to be associated with less blood loss, lower morbidity, and less use of opiate analgesia compared to open GJ [17] . The primary aim of DS and LapGJ is to be able to resume oral intake as soon as possible. Therefore, the short-term outcomes are just as important as the long-term outcomes. Short-term results differed from study to study but all showed DS group to have shorter time to first diet, 5 to 7 days after DS and eight days after GJ [5, 16, 18] . In our study, patients in DS group resumed diet in 1.9 days, whereas it took 3.2 days for those who underwent LapGJ. Our results seem to have superior outcomes compared to previous studies. These studies defined restoration of oral intake as having GOOSS score of above 2 (soft solids). However, our hospital's semifluid diet stands between GOOSS score 1 and 2, so in terms of our definition of return of oral intake, it may have been faster than in other studies. Another short-term outcome is postoperative complication during admission. GJ itself is associated with significant morbidity (13%-55%) [19] [20] [21] . In our study, postoperative complication during admission in LapGJ group occurred in 7 patients (16%), which was within a similar range. DS did not show in admission complications but showed delayed complications that led to reintervention.
There are several parameters determining the nutritional status of patients. The Nutritional Risk Index, developed by the Veteran's Affairs Total Parenteral Nutrition group in 1991 for use in the evaluation of the efficacy of perioperative total parenteral nutrition in patients undergoing thoracic or abdominal surgery, was used for the parameters of serum albumin and recent body weight loss [22] . In our study, we also used serum albumin and body weight to determine the change in nutritional status before the procedure and 1 month after the procedure. When body weight did not show significant difference between the 2 groups, patients in DS group showed significant decrease in the serum albumin values (-0.15 mg/dL vs. +0.75 mg/dL, P = 0.002). This might suggest that although DS patients resumed oral intake earlier than LapGJ patients (1.9 days vs. 3.2 days), diet was not maintained long enough. This is consistent with the results of change in oral intake after DS and LapGJ. After one month postprocedure, only 28% of the patients could tolerate full diet where as 74% could after LapGJ. The SUSTENT study also demonstrated that after 30 days, patients who underwent DS showed decreased oral intake. After 2 months, patients who had GJ showed significantly better oral intake (P = 0.050) [16] .
After each procedure, how well the gastric-outlet is kept patent is important. Jeurnink et al. demonstrated that reinterventions were performed in 41% of their cases, whereas other studies including ours (29% and 5% in DS and LapGJ, respectively) have reported lower rates [23] [24] [25] [26] . The duration, however, from the initial procedure to reintervention did not show a significant difference between DS and LapGJ group (116 days vs. 426 days, P = 0.424). There were only 2 patients in the LapGJ group who underwent reintervention so it was not appropriate to compare the duration to reintervention. Adler et al. [5] showed that the mean time to reintervention in patients with obstruction after initial stent insertion was 98.6 days, which is not so different from our results. Known causes of obstruction of stents were tumor overgrowth, tumor ingrowth, stent migration, extrinsic compression, and stent angulation [5] . Our study showed the same problems, which needed reintervention and in some cases more than once (25 cases).
Recently, chemotherapy has become important for unresectable or marginally resectable cancer because it can prolong overall survival and provide better quality of life. Few studies have demonstrated that chemotherapy is associated with longer duration of oral intake and increase in reintervention-free periods [27, 28] . Whereas these studies focus on chemotherapy's effect on the symptoms, our study emphasized the effect of LapGJ and DS on chemotherapy compliance. LapGJ allowed for patients to receive more effective chemotherapy without dose reduction and to maintain longer chemotherapy than DS. Therefore, we suggest a 2-step approach for those patients who show suspicious resectability. First, if the tumor is proven unresectable under diagnostic laparoscopic examination, only LapGJ should be done. If the patient can tolerate aggressive chemotherapy and the tumor extent decreases, a second-look operation should be planned. Second, if the tumor becomes resectable after chemotherapy, radical surgery would then be helpful in the long term.
Survival showed significant difference in the 2 groups. Patients were matched with age, sex, T-stage, comorbidities, and chemotherapy status by the propensity scoring method to reduce selection bias. Although the last few patients were followed up only a year for survival analysis, a similar number of patients were distributed evenly at each procedure grouping, and most of them were dead at the time of follow-up. Patients who underwent LapGJ tended to live longer (114 days vs. 220 days, P = 0.004). Median survival rates in other studies also ranged from 7 to 141 days after DS and 70 to 249 days after GJ including LapGJ [1, 7, 25, 29, 30] .
In nonrandomized retrospective studies, patient selection bias is likely to be significant. It is likely for surgeons and other doctors to suggest advanced and malnutritioned patients who are not fit for general anesthesia to receive DS. However, the paradox lies in that more advanced patients with fully obstructed outlet can only receive GJ and less advanced patients with only stenosis can undergo DS. Due to this nature, we had to take extra precautions and applied the propensity scoring method for oral intake and survival analysis.
There were significant limitations present in this study. First, preprocedural functional status such as Eastern Cooperative Oncology Group and Karnofsky score were not analyzed. Functional capacity before the procedures would have influenced the decision on whether to undergo DS or LapGJ from the beginning. However, the evaluation of functional capacity is difficult in a retrospective study. We therefore analyzed the facts shown in Table 1 about each patient in order to evaluate the status of the patient. Second, the cost of each procedure was not analyzed. Many studies comparing DS and GJ focus on costs, but due to the difference in cost of stents and cost of surgery in Korea, it seemed unnecessary to compare them. Third, there were very few studies that compared DS with LapGJ. Therefore, some comparison with other studies had to be done with open GJ.
Our results suggest that even though DS provides faster return of oral intake, LapGJ patients showed better survival and undiminished oral intake. This in turn suggests that LapGJ patients can sustain better chemotherapy than DS patients having far fewer additional interventions due to obstruction. Therefore, LapGJ would be the first choice in GOO patients with unresectable gastric cancer who can withstand general anesthesia and can endure the postoperative burden.
